Abstract. 429 CCD measurements of relative positions and magnitude differences in V and R photometric bands for 165 visual double and multiple stars are given. CCD frames were taken at the 1.52 m Spanish telescope of the Spanish-German Center of Astronomy at Calar Alto (Almería, Spain). During the reduction process a "Tepui" function was used as the PSF function.
Introduction
The use of CCDs for observations of wide and not very close visual double stars has steadily displaced conventional techniques -visual measurements -almost in a definitive way. The CCD's geometrical stability, the wide dynamic range, the linear response and the development of techniques for the data analysis are some reasons to feel confident about the accuracy of resulting positional and photometric measurements.
Conventional programs such as IRAF or MIDAS have the necessary software packages to leave frames in optimal conditions. They make use of the calibration frames (bias, flats, darks) in an easy-to-use form.
The angular separation of the double star observed defines the reduction. Most people look for the point spread functions (PSF), if possible. If the frame contains other images or the pair is of wide separation, the PSF is obtained from the best-defined stellar images (Sinachopoulos & Seggewis 1990) . However, if the double star is alone and image overlapping exists, an iterative process can be applied (Tokovinin & Shatskii 1995) .
Since 1994, CIDA has been collaborating with the Astronomical Observatory Ramón María Aller in a program of observations of southern visual double stars, with CCD and micrometric techniques from the Venezuelan National Observatory (Abad et al. 1998) . Each observation and reduction program was usually carried out by the Spanish or Venezuelan institution in an independent way. In this paper, Send offprint requests to: C. Abad, e-mail: abad@cida.ve Tables 1 and 2 are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/416/811 observations have been carried out with 1.52 m Spanish telescope at the Spanish-German Center of Astronomy at Calar Alto (Almería, Spain). The Venezuelan contribution has been the introduction of the fitting function (Abad 1996) , called the Tepui function, for the reduction of the observations. This function was created for astrometric purposes, reproducing successful image profiles, especially for those saturated.
The advantage of the use of this function is its adaptability to the real profile of the images, much better than the traditional Gaussian or similar functions. The fitting function is necessary to obtain the magnitude difference for overlapping components. We suppose that this PSF exists for a whole frame and optical, instrumental and seeing differences between images are not significant, especially for components of the pair.
Observations
The 1.52 m National Astronomical Observatory (OAN) telescope used for the observations is equipped with a TK1024 AB chip with 1024 × 924 pixels, each of 24 micron square. Two Johnson filters were used: V BG 18 (2 mm) + GC 495 (2 mm) R OG 570 (2 mm) + KG 3 (2 mm). A total of 400 frames were obtained and reduced for this paper, containing information on about 165 double and multiple stars of the initial observational program. Most of them have one or several observations in R and V bands.
Observations were carried out in July and August 1998, and calibration frames (bias, dark and flat frames) were also taken.
The exposure time depends on the system brightness but on average it was about 20 s. Seeing conditions were moderately favorable, from about 1. 4 to 2. 0 with most of them near 1. 6.
Dark counts may be neglected since they were very weak. See the CCD characteristics on the OAN web page, Calar Alto Instrumentation Section (http://pcweb.oan.es/1.52m/ ccd.html)
The Tepui function
A critical step for the reduction of the observations with good astrometric quality is the measurement of the (x, y) rectangular coordinates of the images from a plate or frame. To resolve this problem, and those caused by image saturation, the astrometric section at CIDA developped the Tepui function which can reproduce more accurately than others the real profile of not too faint images. An example of this can be found in Abad & Vicente (1999) .
This function is based on the difference between two arctangent functions with a general analytical expression for a bidimensional case:
where: A is the amplitude after applying a normalization factor; b is related to the tilt of the profile of the image; c is related to the width of the profile of the image.
Two important characteristics can be pointed out from this function. First, due to construction (Fig. 1) , in a process of fitting by the least square method, the image's lateral data are the most important for the reproduction of the real profile of the image. It is different when the fitting function is a Gaussian, where central points control the process. Second, if we suppose that the natural light distribution over the image follows a normal distribution, no considerable differences are introduced when we fit a tepui distribution (Fig. 2) .
In this paper we want to introduce this function to obtain relative positions and magnitude differences of stellar pairs.
The advantage of this method is based on the fact that many stellar images in the field have not always available to get a reliable PSF function and, in addition, there exists overlap of the image components. We present a function that can reproduce the real profile of the image.
When saturation problems appear, relative positions can be obtained from this fitting function, but, obviously, not magnitude differences in a direct form. Nevertheless we hope that it will become possible to reconstruct the top of the image fitting values into the linear response of the CCD with the Tepui function.
Reduction of observations
Facilities from IRAF have been used to apply the calibration frames to program frames, subtracting bias to flat and program frames, normalizing the resulting flat frame and applying this to the resulting program frames. Next, a square area containing the pair is isolated to get the relative position between components as the relative position between the two fitting functions applied to their images. In this paper we use the Tepui function as the fitting function. This function in a tridimensional space has a general analytical expression as:
where: For a double star we need to use a double fitting function composed of the sum of two simple functions with a common width (c u and c v parameters), similar orientation (φ) and the same base (C 4 ). The center of symmetry of the primary star (x 0 , y 0 ) is transformed into the origin of coordinates during the process and the relative position between functions (dx, dy) will be the center of symmetry of the secondary star.
Sixteen independent parameters must be determined. Three of them correspond to the background fit.
It is possible to consider total asymmetry with the Tepui function taken as independent the tilt parameter on each side of the bi-dimensional Tepui function. This adds two more parameters. We consider this not necessary and perform the process with a double-axis symmetry.
Angular scales were obtained astrometrically, reducing by Stock's method (Stock 1981) those crowed frames and getting the scale factor of the optical system of the telescope. We obtained a scale of 0. 465 ± 0. 002 per pixel.
The orientation of the CCD was calculated from the streaks in non-guided observations. A small correction of 0.
• 7 • ± 0.
• 001 must be applied.
Differences of magnitudes were obtained as quotient of volumes included under both fitting function as:
where Φ is the volume or flux.
Results were compared with those obtained by members of the collaboration with the 1.23 m German telescope at the same Astronomical Center (Docobo et al. 2000) , obtained with similar standard techniques, when stars of both observational programs coincide. An excellent agreement exists.
Checks were also performed using crowded frames. Common parameters, relative to width and orientation of the double star, remain constant during the fitting of the individual Tepui function to other images of the frame. The noncoincidence of fitting function and image, over a selected area that encloses the image, determined as the rate of the function's integral minus the total counts over the total counts, can give us an estimation of the confidence of the Tepui function for these purposes.
The upper diagram of Fig. 3 shows the histogram of amplitudes of secondary stars of the double star program. The lower diagram shows the rate expressed as percentage versus the amplitude of the image fitted.
A higher dispersion of percentages was found for observations made with the R filter than V filter as show Fig. 4 . This percentage never exceeds 10% and most of them are around two or three per cent. This supposes that the typical error in the determination of the difference of magnitudes is around 0. m 02 mag. However, sometimes one frame contains other apparent doubles stars. In this case we reduce them giving their coordinates (J2000) extracted by astrometry reduction or given by the USNO-2 catalogue as a reference. Table 1 gives relevant data for the visual binaries observed. Observations were carried out over a short period of time, therefore we assign the mean epoch (1998.58) for the totality of data. Data of individual stars are presented as average data with errors, by parameter, when various observations have been calculated, as well as the number of observations involved. Errors corresponding to astrometric relative positions between components are always present. For single observations, parameter fitting errors, specially for dx and dy parameters, have been calculated analysing the χ 2 test around the minimum. Following the rules for error propagation, θ and ρ errors can be estimated. Table 1 shows single observation errors with an additional significant digit.
Results
When a star does not have known references, we include it in Table 2 , where J2000 position and magnitudes are from the USNO-A2.0 catalogue (Monet et al. 1998) .
Stars in the table are arranged in increasing RA in the following order:
WDS WDS catalogue number (Mason et al. 2003) , Name WDS catalogue name (Mason et al. 2003) , ADS the ADS number (Aiken 1932), θ Position Angle in degrees, σ θ error of Position Angle, ρ Separation of the components in arcsecs, σ ρ error of Separation, ∆m difference of magnitude of the components, σ ∆m error of difference of magnitude, B filter used, n number of observations. Finally, Table 3 shows differences obtained by comparing data in this paper and those shown in Docobo et al. (2000) . Columns 1 to 3 are similar to those in Tables 1 and 2 . 
